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METHOD OF TREATING TOBACCO TO
REDUCE NITROSAMINE CONTENT, AND
PRODUCTS PRODUCED THEREBY

CROSS-REFERENCE TO RELATED
APPLICATIONS

_ "This spplication s a contimiation of application Sex. No.
09/397,018, filed Sep. 15, 1999, now U.5. Pat. No. 6,202,
649, is based on U.S, Provixional Application No. 60100,
372, filed Scp. 15,1998, and which is a cantimualion-ig-part
of U.S, application Ser. No. 08/998,043, filed Dec. 23, 1997,
pow abandooed, which in turn is a continution-in-pan of
V.S, application Ser. No. D8/879,905, filed Tm. 20, 1957,
sow U.S. Pil. No. 6,135,121, which io um is &

* coalimuation-in-part of Ser. No. 08/757,104, filed Des. 2,
1996 and cow US. Pat. No. 5,803,081 issucd o Jonnic R.
Wilkiems on Sep. 8, 1998. US. Provisional Application
No.60/100,372 filed on Sep. 15, 1998, U.S. spplication Ser.
No. 08/998,043 now sbandomed and Ser. Mo. OR/879,905,
pow U.S. Pat. Nos. 6,135,121 and 5,803,08L are all incor-
ponled berein by reference in thoir cotirely.

FIELD OF THE INVENTION

The prescal invention relaies (o an icproved metbod of
treating tobacoo to reduce the content of, or to prevent the
formation of, harmfnl pitrosamines, which arc pormally
found in lobacco. The present imvention also relates to
tobacco products having low nilrosamine copteaL

BACKGROUND OF THE INVENTION

Pﬁorltlcmpi.sbmdlnmmdhmfulum'nugmic
nitrosapmines primarily have ipchded the usc of flters in
smoking lobacco- In addition, attempis kave been made 1o
uso ackiilives to block the effeots of barmful earcinogens in
tobacco, These efforts have failed to reduce (be oncologic
morbidity xssocialed with lobacco use. 1 is lovown that
fresh-cut, green lobacon has virhully oo nitrosamine car-
cinogtos. See, ¢.g, Wiemik el al, “Effect of Air-Curing on
the Chemicat Composition of Tobacco,” Recenl Advances in
Tobaceo Science, Vol. 21, pp. 39 e seq., Symposium Pro-
ceedings 491h Meeting Tobacco Chemists’ Ressarch
Confercoce, Sep. 24-27, 1995, Lexingion, Ky. (heremafier
“Wiernik cf al.") On the otbe baod, cured tobacco producis
obiainod acconding ko conventiopal meibods aro known to
contain a oumber of vitresamincs, inclading the barménl
carcinogens N-nitrosonomicetive (NNN) and 4(N-
pitrosomothylaming)-1-(3-pyridyl}-1-botanonc (NNK). 1t is
widcly accepled that soch nitrosamines am formed posi-
h:vul.dmhalhecommlimnluuingpmu::,uduaixd
furtber berein. Unfortunakely, fresh-cut green tobeoco is
unsaiishic for smoking or other consumption.

It is belioved thal tobacco-specific nitrosamines (TSNAS)
mfmmedprimnﬂyduingthumingpm.%ﬂenol
wizhiog to be bosnd by theory, it is belicved thal the amount
of tobacco-specific nitroexmine (TSNA) in cured tohacco
hlfidepmdﬁntonthumnmuhﬁonofniniua,whi:h
sccumulate during the death of the plant aeTl and are tormed
during curing by the reduction of mitrates under conditions
approaching an anaerobic {oxygen deficicat) covironment, It
is believed thal the reduction ef nitrates Lo nitrites oocur by
tho action of 1be micro flora on the surfsce of tha leaf under
anxerobic conditions, and # i aiso belicved that this reduc-
tion is paricalualy propovnced under certsin conditions
{c.¢. humid conditions). Purthermore, during the curing

the tobacoo Jeaf comits carbon doxide, which can
further difute oxygen Jevels in the enviroament.
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Once the pitrites are formed, these compomds are
believed 1o combine wilk vanous tobsoco alkaloids, includ-
ing pyvidinc-containing compounds, 1o form carcinogenic
nHrosAmines.

Io 1993 and 1994, Burion ¢t of st tho Univemity of
Kentacky carricd out certain experiments regarding TSINA,
15 reported in the Absiracl, “Reduction of Nitrite-Nitrogea
sud Tobacea N'-Specific Nitroeamines o Air-Cured
“Tobacco By Elevating Drying Temperstures,” Agrooocty &
Phylopathology Joinl Meeling. CORESTA, Ozxford 1995.
Burton et al reported that drying harvesied tbacco faves
for 24 bours a1 71* C,, st varions stages of air curing,
inchiding end of yellowing (EOY), EOY+3, EOY4+5, elc.
resulled in some reduction of nitrsamine levels. Refarence
is akso made Lo freeze drying aod microwaving of cenain
samples, withoul delafl or resulis. H bas been conflrmed that
jn 1he actual work underlying this Abstract, carried ouf by
Burion «f a! al the Umiveesity of Kenhucky, the microwave
woik was considered nosuceessful Certain rspeats of Bur-
ton ot al'a 199394 study are reported in Wiernik ot l, supra,
at pages 54-57, under the heading “Modificd Ajr-Curng.”
The Wiernik ct al article postulates that subjecting tnbacco
leal samples, Lakea 3 various stages of sir-caricg, to quick-
drying at 70° C. for 24 hours, would remove exocas Watey
and redoce (e growth of microorganisms; hence, nidrite and
tobaoco-specific nitrosamine. (TSNA) accumulation would
be avoided. In Table Il a1 page 56, Wicmik <t al inclades
some of Burion ¢l al's sommary daia oo Jamina and midrib
nitrite and TSNA coutepts in the KY160 and KY171
su:pka.Dm&omlhe&w—dryhguﬂihnquick—dﬁm
12518 are included. The article contains the following con-
chision:

11 canbe concluded from (bis study 1hat it may be possible
to reduce pitrite lovels and accumnlstion of TSNA in
Iamina and mideib by applying beat (70° C.) to datk
1obatco alter loxs of celt iniegrity in the leal Drying the
tobacoo keaf quickly at this stage of curing reduces the
(icrobial sctivity that occurs during slow curing &l
amblent fwmpenture. 11 must be added, howeves, that
such « treatment bowers the quality of the tobacco Jeaf.

ld.alppﬁ.m%mkddmhbdmm
tradtitional curing of Skroniowsks tobscro in Polaod a8 an
exmple of a 2-61ep aming procedure. The artich atates that
the tobacoo & first wir-cuted aod, when tho Lumion is yellow
or brownish, the tobacco is beated by 65° C- for two days in
order to ce (ha stem. An analysis of tobacco produced in
\his. moanner showod ibat botb the tobaoco.specific sitro-
samioc {TSNA) and 1be nitrite contemts were ow,ie., inthe
mnge of 0.6-2.1 microgranms per gram and Jess than 10
poTograms par gram, fvely. Wiemik ot al thoorized
that these resalts were explainable due o e rapid bexting
witich does not tliow Rurther bacterial growth, Wiemik et al
also noted that tobacoo-spocific nitrceamine (TSNA) and
pitrite comients of 0-2 microgram per gram tod less thaw 15
miGograms per gram, respectively, were oblained for
tobacco sabjected to air-caring in Poland.

In practice, lobacco leaves are geoenalty cured according
to one of lhree methods, Fiml, in some conplrics, sach as
Uﬁnl,uvnriuhno(lboﬁuaminspmu(duabnd
below) is siill being uscd on » commercial scale 10 cure
1obacen leaves. Specifically, this variation of the fue aring
process features the wso of » beat exchanger and involves the
burning of fuc! and the passing of beated alr through fiee
pipeuinamhzhmAmdin;ly.hlﬁsoldervaﬁm of
the curing process, primasity radianl heal entanutiog from
d:ﬂle;t;uismedlomlhtduowhm.whﬂca
relatively Jow fiow of air does pass through the cering bam,
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this process niilizes primarily radianl heat emanating from
the flue pipes to care the tobacoo leaves within the bam. In
wddition, lhisptoocssmnol:ppmcilla,mdnbuml
provide for, controlling 1ba conditions within the bam lo
achicve preveption or reduction of TSNAs. This fechnique
has becn Largely replaced i (he Uniled States by a differenl
flue-curing process.

For more Lhan twventy yeam, e beat cxchanger metbod
described above has been supplated 1o the U.S. with amore
ccopomical verson which features the use of 1 propane
burner. This sccond method is the so-called “Aue curing”
method. This process involves placing the tobsoco Icaves In
2 barn and sobjecting ihe Jeaves to caring with Lhe spplica-
tion of convective beat using a hot gascous stream that
inchudes combustion cxhaust gases. When cogvective heat is
usndlod:ythelnbmhmlbummbuﬂioncxhlmtgm
(inchuding carbxm monnxide, carboo dionids, and water) are
passed directly through the tobacco. In prodesses where
convective beal is used for curing, no slicmpt is made (o
sepante tho beat from the combustion cxbawsi gases (Fo., 1o
prevent an tnacrobic condilion) of o control the ambient
cooditions 1o reduce or suppress the farmation of TSNAs.

The third method is known as “sir curing.” This process
iovolves placing the tobaceo lcaves in 3 bam and subjecting
the Jeaves ko 2ir curing without controlling the ambient
cooditions (e.g., air flow through the bam, tempeninre,
tumidity, aod 1he 1ike) and withont Lhe spplication of any
beat

US. Pat. No. 2,758,603 (o Help discloses a process for
treating tobiceo with relstively low moisture evels (ic.,
already cured tobaoco) with ndio frequency encigy 10
accolenats (ho aging process. Allhough the patrof states ibal
the 1obaoco being Ireated is “green” tobacco, it i clear thal
the palcnlinusinstbbm'grm”inamn—mmﬁoml
gcaso bocauss the lobacto being treated thersin is akeady
auud(i.c..llntohoa)isa]:uﬂydrid).Th'nisdwly
evidenl from the disclosed moisture levels for Lhe tobacco
bring treated in ibe Helpo patent. In fact, Heljo wobydmtes
m:mﬂycu:edmbmpriuuolhcndinmqwncym-

_mtol. By contrasd, in the prescat invention, tho term “green
tobacos” rofors lo freshly harvested tobaceo, which contains
relatively high Jevels of mobsture.

Aﬁdilhnﬂly.lhnumotmiuw“eemrgymd-yagri-
cultury) products has besn proposed. For ¢xample, use of
microwave cacrgy 10 cure tobaoco s disclosed in US. Pa.
No. 4,430,806 to Hopkios. Paxther, U.S. Pai. No. 4,698,189
1o Wochnowski ackes (be use of microwaves fo treal green
\obacco in onder o control moisture content in preparation
for storage or shipying. In US, Fat No. 3,699,976, micro-
wave eaergy is described to kill imsect infestation of tobacoo.
Still furtbes, techniques using impregnation of tobacco with
inert orgmic Liquids (US. Pat No. 4,821,747) fox ihe
puyposes of extncling capioded organic malerials by 2
e:posdbnﬁamwcum.hmunbndm
micTowave enorgy i disclosed as the drying mechaniem of
extruded tobaceo-containing material (U.S. Pat. No. 4,874,
000). In U.S. Pat. No. 3,773,055, Sturgis discloscs the o of
microwave to dry and expand cigaretics mado with wel
tobacxo.

Using a nove] brealuheoagh curing technoiogy, U.S. Pal.
No. SMINWﬂlhmdimkuwamtbodofmdﬁng
the pilrosamine Jevels or pecventing the formation of nitro-
ssmines in a barvesied tobacco phni using microwave
CIRIgY.

In copending U.S. patant application Sex. No. 08/879,5905,
filed hum. 20, 1997, a process for reducing the smound of of
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preventing (be formation of nilrosamines in barvested
scbacco plam s dinclosed, wherein it process comprines
sabjecting at Jea a portion of the planl 1o micTOWAYC
nadiation, while ibe portioa is uncured and in a stale sus-
mpﬁblclohwinglhcumumuf:&numhﬂmdwdor
formation of mitrosamines arrested, for a lime sufficient 1o
reduce the asammi of, or sbstantially prevent {ormalion of,
al Jeast one nitrosapuine.

Purtber, copeading U.S. palent application Ser No.
08/598,043, filed Dec. 23, 1997, discloscs that microwave
and other iypes of radistion arc usefuf for treating tobacco to
reduce the amonn of, or prevent Lhe formation of, nilro-
samines in lobacco.

BRIEF DPESCRIPTION OF THE DRAWINGS

FI1G. 1 illusirates a tobacco-curing apparats aocording (o
(ha preacrd inveation.

FIG. 2 illnstrates the air-bandiing device/beat exchaoger
system of the tobacco-curing appanatus acoording to the
preseol inveption.

SUMMARY CF THE INVENTION

T bas pow been discovered thal by controlling the con-
difions to which tobacco keaves are subjecied t0 within the
cuingbmchningmcmingpmacs.lhcﬁ:rmnﬁonof
TSNASs in Ihe lobacco product can be prevecied or reducsd.
The parumeters (hal can be varied to cophrol the condilions
within tb¢ curing bam (or curing apparatus) during the
curing process inchude hwmidily, rate of temperature chaege,
lemperature, the Lime of ireatmeni of the ohacco, the xirflow
(lhrough the curing apparatus or bam), OO lovel, CO; level,
0, level, and (be wrangemeot of the iobacoo Jeaves,
within ceffain paramelers, il is Believed Lhat il is pow
possible to prevent or reduce ihe formation of microbes
capable of causing 1hs formation of TSNAs in Lbe tobacco,
Tins, under the conditioms coptemplated for the prescol
ipvention, it is believed (hat (bere would be Lilke or no
pitrites availablc for the formation of TSNAs by reacticn of
the itrites with various lobacco allajoids, For example, iis
pmmhtadthlifthcwudili:mmmademobin.lhc
\microbes will consume ihe oxygen in the amosphere for
lh:ircmgjm.uﬂlhreﬁmmniﬁuwﬂlfm.
Purther, it s belicved that the microbes are “cbligaic”
anaerobes, and thms when Lhey are subjecied o cerlain
mdiﬂun,hywdﬂbcn:ppmcdmdauwpmidpmin
the formation of nitsBes.

Accordingly, 0o¢ object of the present inveation is to

substantially eliminate or reduce the content of pitrosammnts
in 1obacco ikended for smokting or comumption by other
mcKnS.
Another object of [he preseat invention is o restuce the
cucinogenic potcolial of tobacco products, iochiding
cigaretics, cgams, chewing tobaoco, smuff and obacco-
containing gum and Jozenges.

Sui0l another object of Lhe present invention is to rubslan-
tialy eliminale or sigeificanly reduce the amounl of
tobacco-specific nitrosamines, including
N-nitrosonernicotine (NNN), 4-{N-nitrosome by amino)-1-
(3-pyridyl)-1-tutsncae (NNK), N“-mitmepamalabine {NAT)
and N'-nitrosoanalabine (NAB), in swch tobacco products.

Anolber object of the presenl inveation is (o breat uncured
mbm:lmwiﬂeﬁmopod-hmaouum!bo
curing process withont adverscly affecting the obsoo's
guitability for buman copsnmption.
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Amother abject of (he presept invenfian is 10 reduce the
conteni of ific pitrosamines by trealing wncured
Iobacco in & controlied coviropment.

Yet another object of the preseat invenlion & 1o reduce the
coatent of tobacco-specific mitrosamiines, particalarly NNN
and NNK, and metaboliles thereof in bumans who smoke,
copsume or (dberwise ingesl tobaceo jo some form, by
providiog a lobacco product snitablo for human
consumption, which prodoct conmivs a sobatantially
reduced quantity of wbacco-specific nitosamines, thereby
lowering the carcipogenic potantial of sach product The
tobaceo product may be a cigarette, cigar, chewing tobscco
or & \obacco-coniaining gome or lozeoge.

Yot anolber object Is 10 provide a novel cwring bam (or

sppanhs) which is capsblke of providiog tobacco
suitable for uman concumption, wherein the tobaoco con-
tains relatively low Jevels 10 zero lobacoo-speciic niiro-

n
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DETAILED DESCRIFTION OF THE
INVENTION

For purposes of the invention, the phrase “controlling the
conditions™ means delermining and selecling ap appropriaie
Fomidity, rate of tempenatere changs, kemperatre, time of
reatstent of b fobucco, airflow, CO level, CO; fevel, O,
fevel, and arangement of the tobacco leaves 1o prevent or
redoce the formation of sl least one TSNA. For a given scl
of ambient conditions, if may bo pecestary io adjust, within
tbe curing appamms or bamn, one or more of these paan-
ek, For czample, il is possible 1o prevent or reduce the
formaticn of TSNAs by ximply setting a high airflow
through the curing spparatus of bam. In other sinsatioms, it
is possible to produce the tobacoo prodects of the present
invention with low airfow, provided thal oiher paramelers
such as mlmidil’, lcmrmtm, cic. are appropristely
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Another ohject of the present inventian is to reduce the DETAILED DESCRIPIION OF THE
INVENTION

contenl of Iobecco-specific mitrossmines by tresling vocured
tobacco i & controlied environment.

Yei another object of ibe present invenlion is lo reduce the
coanlent of tobacco-epecific mitrosamines, particnlarly NNN
and NNK, sod metsbolites tbereof in bumens who smoke,
omsmne of olberwise ingest tobacco in some form, by
providing a tobacco product suitable for human
confumplion, which product contsins a mubstantislly
reduced quentity of Lob: ¢ nitrosamines, thereby
lowering the carcinogenic potential of such product. The
lobacoo product may be a cgaretle, cgar, chewing iobacco
o1 & bacoo-contuiting gum or lozcoge.

Yel another object i o provide a povel curing bam (or
cwing appanatun) which & capable of providing tobsoco
sailable for buman consumption, wherein the tobacco con-
tains relatively low Jevels lo zzro fobscoo-specific milro-
sanioes.

In ore embodiment, the nbove and other objecis and
wcvantages o accordance with the present invention cay be
obiained by a process for reducing the amonnt of or pre-
venting the formution of nitrosamines in 2 harvested tobacco
plant, comprising subjeciing at least a portion of 1he phnt,
while said portion s wncured snd in a siate susoeptible o
having the amount of nitroeamines redsced or fonmaltion of
pilrosanines aresicd, 1o a controlled environment capable
of providing a reduction in the smount of ndrosamines or
prevention of Lhe formstion of nitrosamines, for & time
sufficient 1 reduce ihe amount of or subsiantialty prevenl
the formation of af leasl opc nitrosamine, whersin said
contmiled envimnment is provided by consrolling at leaxt
one of kumidity, mix of tctaperature change, tempemre,
airflow, CO level, CO, level, O, Jevel, and 1be amangement
of the tobacco keaves.

In a preferred embodimert of the invention, Lhe sxp of
subjocting lobscco leaf o the controlled exvironmenl i3
b Laaf ne enrticon theronf afier onsel of

Zmd el -

-

For purpases of tho invention, the phmase “controlling the
conditions” means delermining and selzcling an appropriate
tumidity, rate. of tempenatore change, kmperature, lime of
treatmeat of the 1obacco, airfow, CO level, CO; level, O,
jevel, and armogement of (he fobacoo Jeaves to prevent or
reduce the formation of at feast one TSNA. For a given sct
of ambitrs conditions, it may bo pecessary to sdjust, within
the curing apparatus o bam, onc of more of these param-
elers. For cxmmple, il is possible w» prevent of reduce the
formaion of TSNAs by simply ectting a high airflow
through the curing apparaius or barn. In other siruntioms, it
is possible to produce the 1obacbo products of the prescal
fvention wilk fow airflow, provided that other paramcters
such as bumidity, lempersture, eic. arc appropristely
sclecizd

Tn this disclosure, (obacca Ihat bas been “conventionally
curcd” is fobacco fhat hes been air-cured or fue-cured,
withoul the coatrolled conditions described herein, zecord-
ing to conventional mcibods commenly and commercially
used i the U.S.

Punber, 1ho term "grear obscco” means loboco Lhat is
sehatantially uncurcd and is particularly inclusive of freshly
harvested tobacco.

In fuc caring processes (hat ulilize & beat exchasger
capable of providing relatively low airflow through the
curing barn, 1 have discovered that it b pomble 1o sarnewhal
redace b TSNA kevela by not veating combustive eabawst
gass into the curiog apparatus or baro The prefomed
aspocts of tho preseol mvention are promised on the discov-
ery thal other parameicrs, a8 idcatified sbove (o.g., airflow),
mbeadjmwdmmmtbepmvmﬂnnormduﬂhnohl
Leasl on6 TSNA regardless of the ambiznt conditions. T,
cven woder the moat extreme conditions (Le., conditions that
mwhnmas the farmatinn of TSNAS) it #8 nossible o achiove
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meat of the present jovention, be window mmesponds to
lbe Lime frms post-harvest when the Jeaf is beyond the
fresh-cul or =greeo” siage, and prior to the time al which
TSNAs and/or mitriles 5 ially sccumulate in the leaf.
This time frame typically corresponds to the period in which
lbe leaf s undergoing the ycllowing process or is in the
yellow phase, before the leaf tums brown, and prior (o the
substantin} loes of celtular integrity. (Unless olherwise clear
from the context, the borms “substantial” and “significant” as
used berein generally refer to predominant or majority on a
relalive seale, give or take) During thit lime frame, the
feaves are sesceptible to baving the formalion of TSNAa
substantially preventzd, o the conlenl of any already formed
TSNA reduced, by suljecting the iobacco lo s oontrolled
tuvironment capabls of providing a reduction in 1he amoum
of nitrosamines or prevention of the [ormalion of
nilrosamines, for & time safficiznt to redoce Lhe smount of or
subatantinlly prevent the formation of at least ome
Dilrosarmine, wherein sald controlled ¢avironment s pro-
vided by controlling al keast ope of lomidity, mke of kem-
penture chinge, temperature, siflow, OO kvel, 00, level,
0, level, sod wmangement of Ibe tobacco leaves. This
treatmeanl of the tobaceo cesentially wrests the pateral for-
matioa of TSNASs, and provides a dried, golden yellow [eaf
suitable for human tion. If TSNAs bave already
begun to aubstantially scoumulatz, typically toward the end
of the yellowing phase, the treatmenl socording to the
present mvention effectively amrests the natural TSNA for-
mation cycle, Lims preventing any farther substantial forma-
tion of TSNA. Whea ycllow or yellorwing tobacco i treated
in this fashion af the most optimal time i the caring cycle,
the resulting obacoo product has TSNA kevels essenblly
approximating thowe of freahly barvested green fobaoco,
while fis flavor and uste. In addition, ihe
nicotine content of the tobacco product scconding 1o the
prexol invention remuins uachanged, or s substantially
unchanged, by the trealnent nccording fo the present inven-
tion. Accondingly, th o icbacco product of Lhe present
invention bas mlatively low contents of TSNAs, and yed the
user of the {ohsoon product can experience the seme sensa-
tions that are cbiinable from nting comventional tobsoco
products.

As dizscussed abave, it is belitved that Lobacco-specific
TSNAs are formed pimarily daring the curing process.
Specifically, it is beHeved that the amount of TSNAs in
cored fobscco leaf is dependent on the accumglation of
nilrites, which are formed during the coring process by
reduction of nitrates 30 nitrites under conditions spproaching
an aoazrobic (ie., oxygen deficien) emvimament The
niites actugyulsie doring the death of the plant cell. Bxperi-
mental evidence seggeats that tho nitrites aro formed by the
micro fiors on the sarface of the feaf under conditions
rpprosching s anserobic arvionment. If, for example,
canditioos arc made acrobic, the microbes will consome the
oxygeo in the atmasphere [or their coergy source, and thes,
o nitrikes will form. Coce nilrites ate formed, howevez, they
can then combine wilh varios tobacco lkaloids, including
pyridine-contxining pompounds, to forn carcinogenic sub-
slsoces such a8 pitrosamines.

In on¢ conventional curing teclmique, the combustion
exhaust gases pass through the tobacco, (hereby creating a
condition spproaching an enaerobic envirogmeal. This con-
ventional curing techaique ulifizes air that is pormally
recircelated within the curing bamn and is ofiea sir having
high bumidity. Conveotional curing bas boen' developed
over time without any appreciation for mbjecting lobzeco 4o
a controlled environment for the parpase of eliminaling or
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redncing TSNAs. Accordingly, sach conventional curing
techniques do not provide suitable condilions (e.g., adcquale
oxygen Row) and [ail o prevent an anserobic condition in
the vicimity of (he lobacen leaves. Additionally, doring such
conventional curing processes, the tobacco Ieaves will emil
curbon dioxide, winch will furiber dilute the oxygen preseot
in the caring environment. Under sech anserobic conditions,
il is belicved that the micro Hora rednoe nilrates o nitrites.
Comsequently, TSNA are formed and become pant of the
tobaceo product Lhal is ultimaiely consumed by the tobacoo
user

The present imveplion i apphabic lo the teatment of
barvested (obacco, which s inteaded for buman copsump-
licn. Much research bas been performed on fobacco, with
puticaler reference to tobacoo-specific nitrosamines (ic.,
TSNAEs). Freehly barvested tobaceo leaves are called "green
lobsxcco”™ and conhin no known carcinogens, bt green
tobacco is ool meubls for human etmsmppiion. The procexs
of curing green tobacco depends on the type of tobacoo
barvested, For example, Virginia flue (bright) bobacen is
typicatly fue-curcd, whercas Budey and ccrlain dark streins
are usnally wir-cured. The fluo-curing of tobacoo lypically
1akes place over a period of five 1o seven days compared to
about oo 1o two or more monibs Jor air-cuting. According
lo Peele et al, fluecuring bas genenally becn divided info
Lhree gtages: yellowing (35-40° C) for sbout 36-72 hours
(slthough others report Lhat yellowing bepins socncr than 36
hours, ¢g., al aboul 24 bowrs for coriain Virginis flue
strains), leaf drying (40-57° C.) for 48 bours, and midrib
(stem) drying (57-75" C.) for 48 hours. Maoy major chems-
cal apd biochemical chunges begin during (bo yellowing
atage and eontinua through the carly phasce of beaf drying.

1o 1 typical flue-curing process, the ycllowing stage is
carricd oul io a bam. During this phese the green keaves
gradually lose color doe o chloropbyll degradation, with the
comesponding appearsoce of Lhe yellow carptconid pig-
menia Acorgdiog i Lhe review by Peelo el al, the yellowing
shge of Bue-curing iobaoco is scoompliobed by dosing
cxivrmal air vents i the bamn, and bolding U temperstors at
approximaiely 35°-37" C. The yellowing siage typically
Iasty about 3 1o 5 days. After the yellowing stage, the xir
veals kre openecd, and the heat is gradeslly and incrementally
raisexk. Over a period of abont 5 0 7 days from the eod of
ycllowing, the tobaoco produd is dricd. Thos, (his process
utilizes a somewhat conirolled coviroopent, but the con-
trolled environmeni is insefficizot lo casure Lhe provention
or reduction of nittosumines a3 o the present invention.
Sperifically, the process during the yellowing mainiains the
relutive bumidity in the ban st spproximately 85%, Hmiis
molsture Joas from tbe leaves, and allowa the keaf ko continue
tho melsbolic proceases thal has begon in the fcld. The goal
of Lhe flue-cxring process is merely W obtain & dry product
that has a lemon or gokdon orange oolor. In the fhuc-curing
procesa, thero is no appreciation for subjecting 1he tobacco
Jcaves to a sxt of controlked coaditions in order I eoewre the
prevention or mduction of TSNAx

Witk ope particular vadety of Vieginis flue wobacco on
which kesting ms boen curied ouf as described herein,
freashily harvested groen 1obacco is placed in a barn for about
24-48 bours & about 100-110° F. wntil Lhe leaves um moce
of less completely yellow. The yellow tobaoco bas a reduced
moistare contont, io., Bom aboul 90 woighi % when green,
versos abom 70-40 weight % when yellow. At this stage, e
yellow tobacco containg csscatially po known carcinogens,
and the TSNA conient is cesentially the samoc a5 in tbe
freah-cnt green wbaoco. This Virginda flue tobacco typically
remains in the yollow slage For sboot 6-7 days. Al the end
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of curing, Virginia fue fobacen typically bes » moistare
conlenl of about 11 1o sbont 15 weight percent. The oon-
version of (be tobacco during the curing process resulls in
formation and subslantial accumulation of nitrasamines, and
an increased microbial content. The exact mechanism by
but is belicved 1o be cnbanced by microbial activity, involy-
ing microbial niirafe reduciacs in the gencration of nitrite
duning the cering process.

As previously mentioned, tobaoco-specific nitrosamines
are believed o be formed spon resction of amines with
nitrite-derived nitrosating species, snch s NO;, N; O, and
N,OQ, under acidic or anserolic condilions. Wicrmk ct al

discoss the posiolated fommation of TSNAs at pp. 4345, L
discussion being incorporaked berein by refercoce; » brief
synopeis is sct forth below.

Tobacco kaves conlain an sbundincs of amincs in the
form of amino acils, prokeins, and alksloids The tertincy
ammine nicotine (referenced as (1) in the disgnm below) is
the major alkaloid in lobacco, while other micotine-fype
aikaloide arc he secomdary amines nommiootine (2), anatab-
ine (3) and aabusins (4). Tobacop ako generally contains
up io 5% of nitrale and traces of mitrite.

Nitrosation of nomicotine (2), asatabine (3), and sma-
basine (4) gives lhe corresponding nitrossmincs.
N'-nitroscoormcotine (NNN, 5), N'-mirososnatabine {NAT,
), and N'-nitrosoanatebine (NAR, 7). Nitrosaticn of nico-
tioo (1) in agoeows sobtion affords & mixture of 4{N-
nitrosomethylamino)-1-(3-pyridyl)-1-botanose (NNK, B)

10
(NN, 5) wnd 4-(N-pitmsamethylamino)-4-(3-pyridyl)-1-
buiaoal (NNA, 9). Less commonly cheouptarsd TSNAs
inclide NNAL {4-N-nitrosomecthylamino)-1-(3-pyridyl)-1-
bulsnol, 10), iso-NNAL (4-N-nitrosomethylamino)-4-3-
pyridyl)-1-butanol, 11) and iso-NNAC (4-(N-
nitrosome thylansino)-4-(3-pyridyl}-tutanoic scid, 12). Tho
formation of these TSNAs from (he cormesponding tobacoo
alkaloids is shown schematically below, using the designa-

;0 tons 1-1Z above {reproduced from Wiemik et al, supra, p.

44, apd incorponated herein by reference):

3 - M O [
N
o NO {
TD $=MAT M
N—CH, TuNAK
il
H—{H,
10= NNAL

Tt is pow groenlly agroed thal green, frabdy harvested
tobaoco contiins virtually po pitrile of TSVA, and tkat thezo
are geoeraed doring curing apd slorge of

componnds
55 sobmoco, Studics have been made duting the past decado to

try to deteamin: tbe cvents related oy the formation of TSNA
during caring of lobacco, and several faclors of importance
bave been identifled These include plant genotype, plant
makurity a1 harvesl, citting conditions and microbial sctrvity.

Stuics bave shown thal nitrite and TSNA accumutate oo
air-curing i the time intervals starting aftor 1be end of
yellowing and cading when the leal ferns completely brown,
¢ £, 2-3 weeks after barvest for certain air-cured strains, and
approximately a week or so aler harvest in flue-cared
varictics. This i the time during which laes of cellular
imegrity ocurs, doz o moistmre loss and Jeakage of the
conient of cells into the intercelfular apsces. Therefore, there
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is a short window in time daring air-cudng whea (be cells
have disinicgrated, making the putrition available for e~
organisma. Wicinik <f al have soggesied Lhat nitrile may then
substantially accumifate a3 & esull of dissimilatory mitrale
reduction, thus readerimg formation of TSNA possible.

There are a few published reports on the effccts of
microbial Bera on the lobaceo Jeaf during growth and curing
and on aired (obacco, ks died in Wiernik ¢t al. However, the
involvement of microbial nitrife rediciases in the generalion
of nitmie during caring is presumod. When cell siructure is
broken down afler the yellow phase, and mulrients are made
accessibls to invading microorganisms, these may produce
nitrite under favonable conditions, t.e., high nmidity, opt-
mal tenrperahire and apoxis. There is pormally a rather short
“window" in limc whea the water activily is etill sufficiently
high, and the cell struciere hns disinkegrated.

In accordapce with one embodiment of the present
iovention, (be farmation of nitcssmines in a harvealed
lobacco plam is sutstantially prevenied or amesind by a
PIOCESS, SOmMmSInG

subjecting at least & portion of the plant, whils said
penion is uncured and in & Elale susceptible to baviog Lhe
amoun! of nitrossmines reduced or formation of mitro-
samines arrcaied, 1o & cogiolled epviroament capable of
providing a reduction in the amount of airossmines or
prevention of the formabon of nitrosamines, for a Ume
sufficienl 1o reduce the amount of or substanlially prevent
the formation of at least one nitrosamine, wherein said
cantrolled envirommenl i provided by controlling al Jeasl
omo of bumidity, rts of lemperiure change, lempenre,
airfow, CO level, CO, level, O level, and amingement of
tho tobacco leaves.

In sccordance with preferred embodiments of 1be preseol
invention, non-green and/or yellow iobacco products can be
oblained which are suitable for buman consumplion, and
which bave a lower comtrol of at least one fobacco-specific
niirosamine than cogventionally cured btacco. Green or
fresh-cut tobaceo is geocnally wnsuitable for buman con-
sumplion as neled above; “non-green™ as uscd herein means
the tobacco bas at least losi the majority of chlorophyll, and
inchides withoul limitation partially yellow leaves, full
yllow Jeaves, and keaves which kave begun lo nm brown
io pleces

The prescnl imveotion ia applicablo ko all simins of
Tobacco, including Boc ar bright varicties, Buricy varictics,
dark varielics, oricnial/Turkish varictics, etc. Within the
gidelines set forth beroln, oo of ordinary sldll o the art
couid detarmine the most efficieni ime In the care cycle for
caTying oul the Lrealment siep W0 achieve Lhe objocts and
advaniages of the present ioveation.

Alltbough the sirflow toough the bam puy vary on a
case-by-case basts and may bo depeodool op Lthe amange-
menl of the tobseco Ieaves to be treated {i.e-, the dogres of
lobnoco Jeaf surface exposure) and Ihe size of the curing
apparatus or barp, (be minimum flow of air & prefersbly
aboul 1o percent bigher thaa the Aow of fhe gas commenly
used in the prior art. As discuswed above, bowrver, i is
within Lbe scope of Ibe present invention 1o provide rela-
fively Jow airflow, provided that other parameless (¢.g.,
bumidily, lempentture, eic.) are selocded so Lhat the preven-
lion or reduction of al least onc TSNA is schioved.

Preferably, the minimm fiow of air may be about 70
CPFM 11 1" slatic presare per cubic fott of curing appantaa
or bam volume, mor preferably 80 CFM st 1" slatic
presaure per cebic feet of curing apparatus or barn volume.
The spocific minimum Bow of air poeded for & given 54 of
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conditions may be deicrmioed oa a routine basis given the
dndosure of the present invention

To maximirs Lhe effects of the present invention, Lhe
bamidity of Lhe heated or unheated air is desirbly controlled
using a coromercilly-available delnmpdifier or nwidifier.
Preferably, the beated or uobeated air Sow iscs dchu-
midifed sir with 2 bunndity level of less (han abont 85%,
more preferably Jess thaen aboutl 60%, most prefershly less
than sboul 50%.

In coc aspect, Lbe air is fresh outside air, whilc (he heated
air is substantislly Gee from combustion exhsusl gases
including waler vapor, cartbon monozide, and carbon diox-
ide.

In sddibon, the air may be recirculated as bpg as 10
anaerobic condition is avoided.

The wmpentore within the curng bura of the present
inventron oy moge from ambient (1.c., outsidc) tempen-
s 1o &< high s about 2507 F or more, wilhout charing ko
tobacco product. If beated air (Lo., convective beal) is wsed
to aceclennie the drying of the lobu'm prododt, suitzble

trmpersiures may range anywhere from aboul 100" E to
abont 250" F, more prefeably from about 160° F. to about

173" F. However, e optimum wilhin the
curing barn can be dewrmined for cach case, depending on
the ovenll conditions of e eavironment and the tobacco
product being trested.

The determination of tho Ume for treating the tobiceo
acconding to the procesa of the present imvention can be
delermined by trinl and error. Typically, the treatmeod time
may be from sbout 48 bours vp 1o about 2 weekn,

The umangement of 1he tobacoo leaves b pot aritical, but
it s advanlagrous o provide 1he highest exposed swincs
area for the obroco Jeaves

‘While it is Dot easeptial, it muy be desinable to expose the
tobaceo product to UV light, cither sirmultapeously with, or
sepuraicly from, the tresimend described above. It is belicved
that this UV Hgit expostae can further reduce ibe amount of
TSNA sccurrulstion. For cxample, the UV lighi can be
stpplied osing “Gommicadal Sterilamp™ ubes obtained from
Philips Lighting, whearin he light bas wavelengths of
between 100 and 280 nm.

Alibongh the curicg process ax described above is pref-
crablc ovex micrownve caring kchniques becanse micro-
waving requires moisd lobscoo whereas Lhe srventive curing
prowcas docs pot, & is wilthin tho scope of Lbo present
invention to forther treat 1be pbacce prodwdt with micro-
wave or other high eoctgy treatment, as described in copend-
fng US. applicstions Sez. Ncs. 08/879,905 and 08/998,043,
mspectivoly now US. Pat. No. 6,135,121 and sow
abapdoned, both of which aro mcorporated herefn by refes-
ence. This sdditional microwave or other high energy tresd-
menl is comvenicatly porformed within the window of time
in which it is possibic fo furlber prevenl or reduce tbe
formaiion of a1 lcast one TSNA. While application Scr. Nos.
08/379,905, U.S, Pat. No. 6,135,121, end Ser, No, 08/958,
043 now abandooed are incorporated berein by reference,
the preferred aspects of Lhe microwsving or other kigh
encrgy treatment are described below,

The process of Lhis igventioa may further comprise 3
microwaving process for roducing the amount of or prevent-
ing formation of nilrosamines in a barvesied tobaceo phant,
which microwaving process comprises subjecting af lesst o
portim of the plint ko miavwave radiation, whilo said
portion i uncared and i & siie susceptible 10 baving the
amounl of Ditroeamines reduced or formation of nitro-
saxines arrested, for a eaflicicat Hme o reducs 1ho amount
of or subsimdally prevent formation of al Jeast one nitro-
samine.
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It is preferred (bat in this aspect of the process of the
invenlion, the siep of smbjecting to microwave radiation is
camricd oulon 8 bacoo leaf or portion thereof afler onset of
yellowing in the leaf and prior to substantial sccunulation of
icbacco-specific nitressmines ia (he leaf I is aleo prefeered
that in Liis nspect of Lhe proceas of the favention, the slep of
subjectiog 10 microwave rdistion js carried out prior 1o
subatantial boss of the leafs cellular integrity. Using micro-
wave energy climinates the potential for activation of the
microbes thal canse TSNAs in iobacco, particulardy in
tobacco that has been rebydnted.

The 1erm “microwave radiation™ &3 wsed beroin mfers lo
eleciromagpetic cocrgy in the form of microwaves baviog 2
frequency and wavclength typically charackerized as falling
within tho microwave daonain, The term “microwave” gen-
enlly rcfers to 1hat portion of the clectromagnetic specium
which lies between the far-infrared region and the coovea-
licoal radiofrequency specirum. The range of microwaves
exiends from s wavelenglh of approximalely 1 millimeler
and Frequency of about 300,000 MHz to wavcleagih of 30
centimeiers and frequenicy of slighily leas than sbout 1,000
MHz. The presenl imveation preferably ulilizes high poerer
spplicationms of microwaves, typicaily a1 the lower end of this
frequency range. Within the profomed frequency range, there
is a fundapicntal difference between a heating prooess by
microwaves and by a dazsical way, such as by infraced (for
exmmple, in cooking): due 1o A greater pencirstion, micro-
wives generally beal quickly to n depth several centimeters
while heating by mfrated is nrach more superficial. [n the
Uniled States, commercial micowave appantuses, such as
kitchen microwzve oveps, are available at sizndard froquen-
cies of approximately 915 MHz and 2450 MHe, respec-
tivoly. These frequencics arc slandard indastrial baods. In
Burope, mictomave frequencics of 2450 and 896 MHz arc
commonly employed. Undex properly balanced conditions,
howeves, microwaves of other froquencies and wavelengihs
would be uscful 10 achieve the objects and advantages of the
prescnl imveoton.

Microwave epergy can be geocrated at a variely of power
levels, depending on the desired application. Microwaves
sre typically prodeced by magnatrons, at power Jevels of
£00-1000 wams for conveatioml kischen-lovel micowavo
Lppantntes (commonly at about 500 walts), but commercial
units arc capablc of geaerating power up ko severd fondred
kilowatis, gonerally by sddition of moduler sources of 1 boul
1 kilowalt. A magniton can generalo citber pulked or
coutinuons waves of mitably high frequency.

The applicator (or oven) in n pecessary ok between the
microwave power geotrator and Lbhe materisl to be heated.
For porpoees of the present invention, any desired applicator
can be used, 80 loog = it ia adapied to peril the tobacco
plant pants to be cffectively subjected fo the ndistion. The
applicator thonld be matched 1o the microweve generalor io
optimizz powor trapsmission, and should aveid keakags of
energy fowards the outxide. Multimode cavities (microwave
avens), the dimeraions of which can be Iarger than sevent
wavclengths if nccessary for lage samples, arc useful. To
ensurs uniform heating i Lhe Jeaves, the applicator can be
cquipped with & mode stirer (1 mebllic moving device
which modifies the ficld distribution contimously), snd wilk
& moviug tablc surfice, such s a conveyor bell The best
results zre attuined by single Jeaf Uhickpess exposore lo
microwave raciation, as opposcd to stacks of piles of leaves.

In preferred embodiments of the inveniion, the micro-
wave conditions comprise microwave frogeencies of about
900 MHz to aboui 2500 MHz, more preferably about 915
MHz and sbout 2450 MHz, power levels of from about 600
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vatn up ko 300 Klowatts, more prefenably from aboul 500
1o shoul 1000 watls for kitchen-type applicatomn apd from
about 2 to abont 75 kilowaus, mor preferably from about 5
io aboul 50 kilowatts, for commercial multimode spplica-
tocs. The heating time geoerally ranges from af Jeast abool
1 second, and more genertlly from about 10 scconds up o
aboal 5 minukea At power levels of abont 00-1000 watls
the beating time is preferably from about 1 mimuie to about
2¥5 minuies when treating single leaves &5 oppoced to piles
of tiwcks. For commercial-scale applicators using highes
power kevels in the mnge of, e.g., 2-75 kilowats, beating
times would be lower, ranging from aboul 5 scconds up ke
aboni 60 seconds, and geoerally in the 10-30 second range
a1, say, 50 kilowatts, sguin for single leaves as oppated io
pﬂuu:ﬂmhﬂfm-rn.omofordhlqlﬁninlbem
would undemstand that an oplimat microwave feld deasity
could be determined for any given applicalor based oo the
volume of the cavily, the power level ecmployed, and the
amount of mofsture in the Jeaves. Gencrally speaking, use of
bigher power levcls will require leas time during which be
leaf is subjected 1o the microwave radiation.

Howcver, the above-described condilions are pot
shaclutz, snd given the leachings of the presenl invention,
oo of ordinury skill in the arl wounld bo abls to determine
appropriate mictowave parumciers. The microwave ndis-
tion is prefecably applicd to the leaf or portion thereof for a
time sufficient Lo effoctively dry (he led, without chuming,
50 that it is suitsbla for human consumption. I is also
preferred to apply the microwave radiation to the leaf or
portion thereof for a time end st a power lovel sufficient to
reduce the modsture conkeot 1© below about 20% by weight,
more prefenably abont 10% by wright.

11 is abso prefared o socordancs with the present inven-
ticm (hat the microware radiation is applicd 1o the Jeaf or
portion thereof for a Hime sufficient 1o cffectively dry the
kaf, wilbout charring, so thal if b suiteble for bumaa
coosamplion.

It is sl possible lo uso forms of eleclromagnetic radia-
tivn Savirg higher froquencics and shorter waveloogths then
the microwave domain discussed above and in more dels;]
below, can bo used to achieve the basic objects of Lhe present
imvention—rednction or substantisl climinalion of TSNAs
in obacco products, by beating the tobacco with sich
coergy forms in the same Hmo fames post-harvest as dis-
cxsacd above wilh regard o lbe micowave cmbodimest.
Thue, the preacol favention furiber compeiscs 8 metbod for
reducing the amount of or preventing formation of mitro-
samincs in a barvesiod tobaooo plant, comprisng

subjecting o Jenst a portion of the plint to radiation

baving a frequency higher thas the microwave domain,
while sald portion is nocured aod in a staw susceptible
to baving the amount of nitrossmines reduced o for-
mation of mitrosamines arrestod, for a sulficien] time
reduce the amount of or subrstegtially prevent formation
of at Jeas! onc pitrosamine.

As with (bs microwave embodiments, il is preferred that
in the process of 1be invention, the siep of subjecting to
ndistion baving & frequency bigher than (be microwave
domain is carried out on a tobacco loaf or portion tbercof
ftcr onset of yollowing in the teaf and prior to substacliz]
accomulation of tobsoco-specific nitrosamines in the Jeaf. I
is aleo proferred Ihat in the process of the invention, (be dlep
of subjecting to sech radiation is carried out prior o sub-
stantial Joes of the leafs cellolar integrity. Prefecred energy
soniees expabie of producing soch mdiation are described
Forther below, and inchide far-infrared and infrared
ndistion, UV (nltavick! radiation), soft x-mys or laserms,
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accelersied particle beams snch s electron beams, x-fayz

On a scale within the clectromagnetic where
micowaves are gencnlly defined as inclosive of (bose
forms of thctromagoetic radistion having » frequency of
10" Hz and a wavelength of 3x107" meters, soch energy
sourees include, withont imitation, far-infared and infrared
radislion having frequencics of aboot 10° 16 10'* Hz and
wavelengihs of 3x107* to 3x107* meters, ultraviolel radia-
tion baving frequencies of about 10°° 1o 10* Hz and
wavckagihs of 32107 to 3x107'° meters, sofl x-rays of
lusers, cathode rays {n stream of nepalively charged clec-
trom issuing from the athode of 1 vacmum tube perpen-
dicular o the surface), x-rays and gammn radiation (ypically
cluncicrized as baving frequencies of 10°* He and higher al
comsponding wavelengths.

As would be apperend to ons of ordinary sidll in the at,
ihe greaier 1he dose of radiation delivered by be encrgy
sonrce, the Jess time the lzaves need 1o be subjected hereio
to schieve 1he desired resaits. Typically, radistion applica-
tlon Umes of jess than one mimte, yreferably less than 30
scconds and even moce preferably kess than abomt &n
soconds are nocded when usipg such higher frequency
radfation sowrces. Defined avather way, radiation apphica-
tion times of o least aboul ooo socond are prefemed.
However, the exposwre rite can bo controlled o deliver tho
radiztion dosage ower Hme, if desired. For examplo, 1
megarad of radistion can be delivered insientsncoualy, or at
a predotcrmined exposare cat. When ming bigh freqoeocy
radlation murces, H Is preferred to nac s sount of radia-
tion which achicves at least a 50% redwction in TSNAs, in
comparison 10 untreated samples. Winile the particnler radia-
tion dosages and exposure rate will depend on the particulas

i and type of ndiation sowrce being applied, 12
woukl be apparent 10 am of ordinary skill in the ari, it is
generally prefered to subject the tobacco samples 1o radia-
tion of from sboat G.1 1o sbott 10 megarsds, more prefer-
ably from about 0.5 to sbout § megarads, and moro prefer-
ably from about 0.73 w about 1.5 megarads.

It is preferred that the microwaving or other bigh encrgy
treatmezi, a8 deacribed abave, i conducied afisy subjecting
the tobacco to the controlled eovironment of Ihe present
itwention. However, it is also possible to cooduct the
optiopa! micrewaving or high energy trealment peioc 1o
subjecting the tobacco 1 the controlled caviromment of the
present ipvention.

The trestment acconding |0 tho present invention, with or
without microwaving or olber high encry treatment, may be
periormed in coaventional barms s well a3 large-scals
pooaming centers capsbls of trestivg tons of scyes of
tobacco. B ja also possible 1o perfomm the process of Lhe
presenl invention In any size, including miniatury curing
appunatumes or bams.

On & bench scale, the reatment of the tobacco product
xocording to the present imvention, waing sifiow and lcm-
persiure oontrol, wosld be similer ko treatiog lobacoo prod-
uct using a comvrctive beating air oven or treating the
tobacco product using & clothes dryer. Than, i is within the
preseot iovention to operatp Lbe process of the present
invention i & coavective besting aic oven or 1 clothes deyer,
although Lhese appamtuscs e bot withio the scope of the
curing spparstim or bams a deoflned in the appended claims.

In anothet embodiment, 1be presend invention neliles 1o &
tobacco producd comprising cored noo-green of yellow
tobscoe suitable for human conmmmption end having a
conient of al Jeass one ific nitrossmine selected
from N'-nitrosomornicotine (NNN), 4-(N-
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nilrotometbylamino)-1-{3-pyridy)-1-butspene (NNK),
N'-mitroscanatabine (NAT) and N'-niircacsnstabing )
which i less than about 50% by welght of the conteat of sald
al Jeas! ono tobacoo-apecific gitroaamine in conventionally
cured tobaceo, more prefcrably less than sbout 75% by
weight, most preferbly loss than sbout 95% by weight,
wilhout Wbe nse of organic solvent extraction

Thus, it is peasible to reduce the TSNA content by aboui
7% or more by practicing the presenl imvention, even down
to “food safe”™ TSNA levels.

For cxumple, the NNN level of the tobacco product
according 10 the presend imvention is typically leas Lhan
aboal 005 ug/g, the combined NAT and NAB level is
typically leas tban abont 0.10 sig/g, and the NNK lovel is
typically koas than shoul 0.05 pg/g. Further, tbe combined
TSNA lcvel ia typically less than about .16 /R, even s
low a3 lesa than sbout 0.009 og/g.

Thas, in yol annther aspect of Lhe present inveotion, 1bs
tobacco prodect according %0 the present favention com-
prizca cured pon-green or yellow tobacey having 8 NNN
conlent less tan abomt 0.05 18

To » fsther aspect, the tobacco product of the present
invention compriscs cured nop-green or yellow fobacco
beving » combined NAT s NAB contant of less than about
0.10 pg/.

Siill frther, (ha tobacro product of the presen inventioa
comprisea cured non-green of yollow Wbacco baving a NNK
conieat of less than shont 005 ug/g.

Additiorally, the prescot invention also comtemoplaies
tobacco producl comprising cured nop-gmen of yellow
tobacco having & 1012l TSNA conlent of leas then about 0.16

Fe

Tn a preferrod embodiment, tho tobscco prodoct of the
prescnt invention hias & NNN level of less than abowt 0.05
/i a combined NAT and NAB level of lesa then about
0.30 pp/e, and & NNK leve] loss than aboul 0.05 pglg.

The whacco product scconding to the prostat invention
can be comveried to varous fimal fobacco products,
including, but not Limited to, cigarctios, cigam, chowing
tobacco, souff and (wbacco-conlaining gym ad lozeoges.

Io yoi anotber embodimend, the presenl imveolion is
direcied to an appantus for caring tobacco prodocis comte

pnsog
a0 encloscd or substagtially cocdosed container compris-
ing & base framo, optionally a1 leasi coc wall, optionally
a roaf, and cpticoally a doos;
an sir handling devico capable of providing an air Bow of
of Jcast about 70 CFM at 1'su|i:mpuq:bi=

least partially wod of least temporurily in commmsica-
tiom with the inkrior of said container; and
a beat exchanger capablo of providing at leasd aberd 1,100
BTU/bout par cubic fost of sppamins volue.
lldadmd.lhnmdmrmybelnﬂnbrmolamobﬂe
unil with tranapart means. The container may be constracted
to amy suitablo size typical of tbscco curing barps. For
example, tho conminer may have a width of sbout 1200
inches, & depth of 60 incbes, and & height of 82 inchex. It is
pmn‘bloloprwiionooﬁaimrlhli:ﬁ;niﬂcmﬂymﬂkror
larger 1hap this epsmplifiod container size. In addition, tho
contain¢r may be imulaled
The container may comprise moans thal ars capabls of
rocciving the inbacoo prodacis i be cured. Preferably, Lhese
mmurm;dmmdw:lnblmpmbaisc:pued
for optimal curing.
Preferably, the air circulation withén the contalncr may be
of a vertical or borizontal drafl design, with the flow of xir
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Companative Enample 4

Yellow tobacen Ieaf was again microwaved for 60 sec-
onds in a commercial tobacco microwaving planl. The
results are shown in Table 2

TABLE 2
/i =/r

E

0037 Q4 <1001
D02 0054 41001
077 089 137 ap
00H <001 Q095

Q00 ona <00 Q044

foy
NNN  RAT +NAB NNE TSHA
nosd
057

B

E TG
Frs
3

ks 3 and 4 provided very low levels of TSNA,
iaily NNN and NNK, even when microwaving was not

g

Examplc 5

Yellow tobacoo leaf in the outer portion of a caring barn
wis subjeciod (o a Sow of air for 7 days according to the
presen! invention. The reslts arc balated in Table 3.

Example 6

Yellow tobacco leaf in the inner portion of & curing bar
was snbjected 10 a Bow of air for 7 dayx sccording to the
pre=nt fmvention. The resalis are bulated in Table 3.

Comparative Example 5

Yeliow tobacco leaf cured in a curing bam scconding lo a
copventiopal curing process was tesled for TSNA kwh

The resalts pre shown in Thble 3.

TABLE 3
EXAMFLE Foi ] P M ~x
NO. NNN NAT+NAD HNNK TSNA
ELS 00 e 07 000 ons 04«02
ELS 008 x 01 008k 02 054 s a0l
Coop. EL 5 DAleDd 116=33 15«21 2l4e3%

As is apparent from Tablo 3, the curing process scoonding
1o the presend invention provided voexpectedly kower levels
of TSNA as compared to & convenljoml curing process.

Exanrples 7

This exsmplo illustraics ibe advantageous effecis obtain-
able by practicing the prescat invention cven under the most
severe envirommental conditions. Thronghout atl phases of
the curing, combustinn exhaned gases were oot allowed o
fow into the bam.

Green lobacco was kfi in a curing bam aocording o the
presend inventon for aboul 72 bours with the cxterml mr
veot closed, but with recirculating air of sbout 25,000 CFM,
and with heating of abott 300,000 BTUs to provide a
femperature of about 105° E After thin poricd of shout 72
brours (cnd of yeHowing), the externa? air vents were opened
and the air handling device was ndjosied lo provide virtually
all freah air ow of approximately 25,000 CFM (with ooly
a_minor amount of recirculating air), and the beat was

1
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cxiconal air vents and increasing the mtore to abool
160° F. Treatmem continued for abont 1-2 days.
The resuliing tobaceo was teded for TSNAs

according to the analytical lechmique described above. The
leveln fof each individual nilrosamine were so low that they
oould ot bo detcoted.

What is claimed is:

1. A process of substantilly preventing the Ermation of
al loast one mitrosamine in & Virginis fluz obacco plant by
treatjng the tobacco phint afler lhe yelowing stage, 1be
PrOCESS comprising:

bealing at leest & portion of a Virgimia fla¢ tobaooo plant

with a flow of gir while said portion & eocured, yelow,
and i 4 state susceptible to having formation of aaid at
keasl one niirossmine arrcsied, for a lime sufficieni 1o
gubstantially preven! formation of said at least one
nitrosamine;

wherein said flow of air it sufficierd 1 svoid an anseobic

oondition sronnd the vicinity of said plant porticn

2. The process of claim 1, wherein the afy Is heged to 2
lemporatum of oo about 100° E. o about 250° P

3. The process of claim 2, wherein the temperatarm is from
abont 160" E. 10 about 170" B,

4. Tha process of claim 1, Farther comprising converting
said plant portion inlo & tobiceo product selocted from the
group consisting of cigarenes, cigars, chewing tobacon,
suff, gum, md lozenges.

3, A procems of mibstaptially preventing ihe formation of
at kzasl one nHrosamine in o Virginia flue whacco plant by
ireating Ibe lobacco plant afler the yeBowing siage, 1he
process comprising:

drying a1 keast & portion of a Yimginia floo tobacoo plam,

while said portion s oncured, yellow, sod in 4 siate
susceptiblc 1o baving (he formation of mitrosarmines
arresied, in & costrolled exvironment and for a tooe
sufficient to sabstantistly prevent the formation of said
al least ono mitrosanyine;

whereim anid cootrolled environment comprises & flow of

air sufficionl io svoid an anaerobio condition around the
vicinity of ssid plant portion;

wherein said controlled environmeni i provided by con-

trolling sl kasl opo of bemidily, tompersture, and
airflow.

6. The proccss of claim 5, whersin the airflow is =t kast
about 70 CFM at 1" siatic pressure per cubic fpot of vohape.

T. The process of cleim €, whercin the sirflow is at keast
about 80 CFM al 1 static preasure per cubic foot of volame.

8. ‘The provess of claim 5, wherein the air is beatod to a

of fram sbout 100° F. ko tbout 250° E.

9. The prooess of cldm 8, wherein the teapenituro is from
aboat 160° F. w sbout 170° .

18. The process of claim 5, forther converting
sxid dried plant portion into a tobacco product selected from
Ibo group commisting of cigarctes, cigam, chewing lobacon,
souff, gom, and lerenges.

1. A process of subslantially preventing the Eormation of
N-nilrosonorsicoline in a barvestod obacoo planl by treal-
hglbmbmphnlﬁnrlhcynnomngmmem
comprising:

heating al keasl a portion of a lobacco plesd with a flow of

air while s2id postion is uocured, yellow, and i & slalo
susceptible to baving formation of
N-mitrosonoruxoline amested, for a lime sufficient to
nrezeni  formation  of

mladamidally
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12. The process of claim 11, wherein the air is beated to
a lempenture of from aboul 100° E. to aboul 250° F
13. The process of claim 12, wherein the lempenature is
from about 160° F. to aboot 170" F.
14. Tho process of claim 11, further comprising cogvert-
ing said plant portioa info a iobacco produd selected from
the group consicting of cigareties, cigars, chewing thacco,
souff, gum, and Jozenges.
15. A process of subsiantially preventing Lhe formation of
N-nilmsonorodsotine in & harvested whacco phint by freat-
ing the tobacco plant after tbe yellowing stage, the process
comprising: :
drying sl Icast a portion of a lobaceo plant, while said
partion is uncured, yellow, and in a siate susceptible to
having tbe formating of N'-nitrosonomicoine urested,
in a controlled eovironment aad for a time sufficient to
substantially prevent the formation of
N'-nilrosonomicoline;

wherein sxid controlled environment comprises & flow of
air sufficiept to avoid an amembic condition around the
vicinity of said plant portion;

wherein said controlled ervironment is provided by con-

trolling al lexst one of bumidity, lempenatore, and
airflow.

16. The process of cluim 15, wherein the airflow is ot least
aboal 20 CFM at 17 static pressare per cubic fool of volume.

17. The proceas of elaim 1€, wherein the airflow is at Feast
about &) CFM al 1" static pressure per cubic foot of volume.

18. The process of claim 18, wherein the air is beated to
A temperature of from abont 100° F. 1o about 250° F.

19. The process of clajm 18, whercin lhe lemperature is
from about 160° F. to abont 170" E

28. The process of claim 15, forther comprising comvert-
ing said dried plant portina into a tobacco product sclecled
from the group comsisting of cipareties, cigarx, chewing
lobaceo, snuff, gum, and kezznges,

21. A process of snbstantiatly preventing 1be formauon of
4-(N-nitrosome thylanmine)-1-(3-pyridyl}-1-butanone in =
barvesied iobacco plant by troating the lobacco plant aftey
the yellowing suge, the prooess coorprisi

beating al leasd a portion of a tobacco plant with a Sow of

air while said portion is uncnred, yellow, and io » sale
susceptible 1o having formatior of 4-(N-
nilrosomethylamino)-1 -{3-pyridyl)-1-butanone
amesied, for a ime sefficient so ially prevent
formation of 4-{N-nitrosomcth ylamino)-1-(3-pyridyl)-
1-butanope;

wiherein said flow of air is suficient > avoid an anscroblc

condilion around the vicinity of said plant portion.

22. The process of claim 21, whercin the i iy beated to
A lemperature of from about 100° F. to sboul 250* B

23. The process of claim 22, wherein the empecamre is
from about 150° F. 1o about 170 F.

24. Tho proceas of claim 21, farther comprising cogver1-
ing wid plant portica inlo 2 Inhacco product selected From
the group consisting of cigarciks, cgam, chewing tobacco,
souff gum, and lozeages.

25. A process of subatantially preventing the formatiop of
4-(N-nitroscomothylamino)-1-(3-pyridyl)-1-butanose in »
barvesied lobaco plagt by treating the tobacco plant afler
the yellowing siage, the process comprising:

drying st least & portion of a tobaceo plant white said

portion is uncured, yellow, aod in & state susceptible 1o
baving the formation of 4-(N-nitrosomettrylaming)-1-
(3-pyridyl)-1-butanone arresied, {n a controfled emvi-
ronment and for & time sufficient (o sebatantially pre-
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veat the foration of 4-(N-ailresome thylingino)-1-(3-
Pymidyl}-1-butanone;
wherein said controlled coviropmenl comprises a flow of
air sufficicnt 1o svoid an apaerobic condition around the
3 vicinily of sid plant portion;
wherein said controlled environment is provided by con-
trolling at leax ope of bumidity, lemperature, and
airflow.
25. The proceas of claim 25, wherein the airflow is at keast
1p Aboul 70 CFM at 1" siatic preseure per cubis foot of volume.

27. The process of claim 26, whercin (he airflow is al least
aboot B CFM al 17 stalic pressure per cubic fool of volume,

28. The process of claim 23, wicrcin (be air s beated to
a lemperatum of from aboul 100° F. w sbont 250° F.

29_Tbe process of claim 28, wherein (he temperature is
from about 160" F. ko about 170" F,

38. The Jrocess of claim 23, forther comprising convert-
ing said dried plant portion inio a kobacoo product selected
from Lbe grosp consisling of cigaeties, cigum, chewing
tobceo, smeff, gum, and Iozenges.

I A process of ssbatantially preventing the formation of
N'-pilresonornicotine, 4-(N-nitrosomethylamine}-1-(3-
pyridyl)-1-butanone, N'-nitrosoapatabine, and
N'-mitroscansabasios in a harvested tobacon plant by treating
ibe tobscco plant afier the ycllowing stage, the proceas
compfising:

heating al Jeast a portion of a lobacco plunl with & Bow of
air while said porticn B8 uncared, yellow, and in a statn
susceptible to having CEormalion of
N'-nitrosonoraicofine, 4-{N-nitrosomethylamino)-1-3-
pyridyl)-1-butanonc, N'-nitroscanstabine, and
N-niiroscapsbasine arrested, for a time sufficent to
subslantially prevenl formation
N'-nitroeopocnicoline, 4-{N-nilrosomethylamine)-1-(3-
pyridyl}-1-butanone, N'-niirosoanstabine, and
N'-nitrosoanabasine,

wherein said flow of air s sufficient W avoid an anaerobic

condition around the vicinity of suid plant portien.

32. The process of claim 31, whercin Lhe wir i3 bealed o
a lemperature of from sbout 100 F. 1o aboot 250° B

33. The process of clalm 32, whercin Lhe Izmperature is
from about 160* F. w0 aboot 170* E.

34. The process of chaim 31, farther compriring ocarvest-
ing =2id plant porticn inlo a tobzoco product schecked from
Lho group comasting of cigareties, cigans, chowing lobacoo,
smuff, gom, and Jozenges.

33. A process of sutwtantially preventing the formation of
N'-nitrosonomicoline, 4-{N-vitrosomethylamino)-1-(3-
pyridyl)-1-bulsnone, N'-pitrosoanatabine, and
N'-zitroeoapabasine io a harvested fobacco plant by treating

45
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deying w1 leest a portion of a tobacco plant, whils said
portion is uncurcd, yeliow, and in a ssic sascepiible o
baricg the formalion of N'-mitrasonormicotine, 4-(N-
njiresomethylamino)-1-(3-pyridyl)-1-butagone,
N'-nitrosospatabioe, and N'-aitrosnansbanine amesied,
in a controlled enviroament and for a time sufficient ko
subsiantially prevenl the formation of
N-pitrosonormicotine, 4-(N-nitrosomethylamino)-1-(3-
pyridyl)-1-butanoas, N'-pitroscansiebioe, and
N'-pitrosoamabasine;
whercin said controlled epvironment comprises » Bow of
xirsufficienl fo avoid an snaerobic condition around the
vicinity of sxid plagt portion;
&  wherein said controlled cavironment i provided by con-
trofling at leasi ope of bamidity, wmperature, amd
sirkow.
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36. The process of claim 35, wherein the airflow is of 12asl
about 70-CFM st 1" sdalic pressaro per cubic foot of vohmme.

37. The process of chaim 34, whercin Lbe airflow is a2 least
about 80 CFM a1 1" stalic pressure per cubic foot of volume.

A%, The process of claim 38, wherein the air is bealed to
a tempenatore of from about 1007 F. (o aboul 256° F.

39, The process of claim 38, wherein Lhe cmpefanre is
from sbout 160° F. v about 170° F.

48_ The. process of claint 35, farther comprising cogvert-
ing maid dried plant portion into a iobaceo product seiecled
from the group coosisting of cigareties, cigars, chewing
lobacco, soufl, gum, and Jozenges.

41. A procees of sebetantially preventing the formation of
al least ope nitrosantine in & Virginia fuc tolmeeo plant by
treatiog the isbicco plamt after the yeDowing stage, the
ProCEss comprising:

drying a1 Jeast a portion of 2 Virgimia fue tobscco plant,

while sid porlion is uncured, yellow, and in & slale
swscrptible W baviog the formation of nitropaminet
aesied, in & controlied environment and for a Lime
sufficient to substantially prevest the formation of said
al Jexst one mitrosamine;

wherein said controlled enviroomenl comprises air free of

combustion exbaust gases and an airfiow sufficient to
substantially prevent an anaerobic condition around the
vicinity of said plunt pertion;

wherein said controlled sovironment is provided by con-

tolling at leasl one of humidity, teotperature, and
airflow.

42. The proceas of claim 41, wiercin the aiflow is of foast
aboul 70 CFM at 1" stalic pressuro pes cubic foot of volume.

43. The process of claim 42, wherein the airflow is af least
about 80 CFM al 1" slstic pressure per cubic foot of volume,

44. The process of claim 41, wherein the air is hested o
» temperature of from about 100" B to shoul 250° F.

43, The process of claim 44, wherein the kemperature is
[rom boul 160* B v sbout. 170° E

44. The promeas of claim 41, forther compriaing coovert-
ing said dried plant portion inlo a fobsoco product selecled
from the group comisting of cigarcttes, cigars, chewing
tobacoo, savfl, gum, sod lozzngea

47. A process of substentially preventing the foemation of
N'-nitrosooomicoting i3 2 harvested bacco plant by Lreat-
ing be iobaceo plant afier e yellowing stage, the procezs

"

dryiog at least a portion of a Iobacco plmt, while said
portion is oocured, yellow, and in a state susceptible Lo
having the formation of N'-nitrosasomicotine srested,
i a aontrolled environment and for a time sufcien 1o
substantially prevent the formation of
N'-nitrosonommicotine;

wherein said coatrolled environment comprises air free of
combustion exhust gasces and an alrflow sufficicnt to
substantially prevent an amaerobic condition around the
vicinily of said planl portion;

wherrin said controllad cnviromment is provided by con-

roiling at Jeasl one of bumidity, ismperature, and
airflow.

48 The procoss of cluim 47, wherein the wirflow is at least
about 70 CFM at 1" slatic re per cubic foot of volume.

4%, The process of claim 48, whercin the airfow is at keast
sbout 50 CFM ul 1" stalic pressure per cubic foot of volume,

58. The process of claim 47, wherein the air is breated to
a tempenature of from about 100 F. 1o about 250° F.

51 The process of clsxim 58, wherein Lhe tempentare is
from sbowl 160° F. to aboul 170° F.

A2. The proocss of claim 47, furtber comprising coovert-
ing said dried plant portion iolo  Wobacco product schected

5o
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from 1be gmoup consisting of cigarettes, cigars, chewing
tobacco, suff, gum, md lozenges.
£3. A process of su jally preventing Lhe formation of
4-(N-pitresomethylimino)-1-{3-pyridy])- 1-butanope in a
barvested tobacoo piant by treating the Sobacco plant afier
the yellowing siage, Lhe proceas comprisiog:
drying st least a portion of a tobacoo plant, while said
porftion is uncured, yellow, and in » stalo susocplibie to
having the formation of 4-mitrosometbylamino)-1-(3-
pyridyl)-1-bntapone amesied, in a controlled eaviroo-
ment and for a time sufficient to subslantially prevent
the formation of 4-(N-nitrosomethylamino)-1-4(3-
pyndyl)-1-butanone;
wherein said controlled envimnment compriscs a Sow of
air sufficicnt to xvoid an asazrobic conditfon arsund the
vicinity of said plant portion;
wherein said conimlled eaviropmenl is provided by con-
trolling at least ore of bumidity, tcmperature, and
sirflow.
4. The procexs of claim 53, wherein the airflow is at keast
about 70 at 1" static presyure per cubic fool of volume.
55 The of claim $4, whercin the wirflow s at lexsl
aboul 80 CFM at 1" atatic prossure por cubic foot of vohune.
86, The peocess of dxim 53, wherefn the aie is beated 30
a temperature of from aboat 100° F. 10 eboul 250° F.

87. The of claim 56, wherein the tempezature is
from about 160° F. w0 about 170" F.
. The of claim 53, forther comvert-

ing said dnied plant portion ik a lobacco product selected
frora the group cossiating of cigarcttes, cigas, chewing
wm'prms“?' m“‘m“ tbe formation of
3N.A ofm i i tiod o
N'-pitrosonomicoline, 4-(H-’mlrnwmcl.hyhmim)-l-(3-
pyridy!)-1-butanone, N'-pitroscanalabine, and
N'-nitrosospabasio: in a harvested tobacco plant by treating
lhe!o?l:ucophnlnﬁumcyelbﬁngnngu.lhcptm
comprising:
drying ai Jcast a portion of a tobscco plant, while said
portion is uocred, yellow, and in a siasle susceptibio to
having the formalion of N'-mitrosocamicotine, 4-(N-
nitrosometbylamino)-1-(3-pyridyl)-1-butagone,
N'-gitrosoanalsbine, and N'-nifrosoansbasine arrested,
in a controled environment and for a time sufficienl to
substaptially preveont the formation of
N'-nitrosonotnicoline, 4-(N-niirosome thylamino)-1-(3-
pytldyl)-1-butancne, N'-nilresoapatabine, and
aine;

wherein said controlled environment compriacs air free of
comritstion cxbanel gases and an airflow safficiont o
substantially proveot an anacrobic condition around the
vicinity of said plant portion;
whernin said controlled exvirooment is provided by con-
trofling a1 [east one of tmmidity, temperatore, and
arflow.
8. The of claim 59, wherein the airflow is t keasi
aboat 70 CFM at 1" static presmam per cuble foot of volome.
61. The process of claim 64, whorcin the aiflow is af least
sboat 80 CFM at 1" static pressure per cubie foot of vohmme.
&2, The of clxim 39, wherein the air is beated to
8 kemperature of from about 100° F. to abou 250° F,
€3. The process of claim 62, wherein (be (empersture {s
Fcom about 160" B 10 sbout 170° F.
€4. The procesa of claim 59, further isng coovent-
ing said dried plant portion ioko a obaco product seiccled
from (he group consisting of cGgareties, cigars, chewing
tobacoo, souff, gum, and locooges.



